DESCRIPTION.
MAGNETIC RECORDING APPARATUS

Technical Field

The present 1nvéntlon relates to a magnetic recording
apparatus which can dctect a hlgh-prec151on tracking error
~signal with stability, and can accurately record, reproduce or
delete information on/from a magnetic recording medium such as

a flxed magnetic dlsk or a floppy dlsk

Background Art

Conventionaliy, in a magnetic disk system which records
information on a magnetic recordi_hg medium, a track pitch of
approximately 200 um has been qﬁﬁlbyed and this is very broad
as compared with a .track piteh of-japproximatel.y l.6um on an
optical recording medium, and mechanically rough track
poSitioning has béen.performed using a stepping motor or the
like. However, in recent.years, a track pitCh of several u
m~several tens of um has been desired in order to realize
greater capacity. .In Lhis case, a mechanism for more accurate
track positioning than in the conventional magﬁetic system is
necessitated. ‘

Figure 3 shows a structure of a conventional magnetic

recording apparatus which detects a tracking error signal by



using light. 1In figure 3, the conventional magnetic recording
apparatus has an emission beam 70 (hereinafter, referred to as
a “beam” ) of linear: polanzed 1ight, a semiconductor laser

light source 1 (herelnafter, refe d to as a “light source” )

which outputs the beam 70, a d:.-ffr'action element 16 by which
the beam 70 outputted from the l:.ght source 1 branches into three
beams, a magnetic recordlng med:.um 4 (here:\.nafte'r, referred to
as a “disk” ); an objective lens 17 which condenses the beam
70 passing through the diffraction element 16 on the disk 4;
a support 21 which s{up-ports the ebjecti{re lens 17 and is eble
to adjust the pos-ition of the objective lens in a 2 direction
in order to accurately fix the focus poeition on the disk 4;
a photodetector 15 which receives the beam 70, which is
reflected and diffracted by the disk 4 to pass through the
objective lens 17 agai:;" and branches at the diffraction element
16, to eutput an electrical signéI in accordance with the
quantity of received light; a sigﬂai processing unit 61 which
processes the electrical signal outputted from the |
photodetector 15 to output a tracking error signal; a magnetic
head 14 which receives the tracking error signal outputted £rom
the siynal processing unit 61, and performe recording and
reproduction of a tracking error signal detecting optical
system and.informati'on; an aperture 2 for narrowing the beam
70 which passes through the objective lens 17, to an appropriate

spot size on the disk 4; a base 13 where the magnetic head 14



and the aperture 2 are formed; and a driving unit 91 which adjusts
the relative p051t10n of the dlsk 4 and the base 13,

In the dlffract1on element 16, a region 16A is formed on

the surface of the s:Lde close to th : ight source 1, and a region

16B is formed on the surface of the 'ppos:Lte side. The emission

beam of linear polarized light whichis outputted from the light
source 1l is :.nc:.dent on the region 16A of the dlffract:\.on element
16, and branches :Lnto three beans, i.e., a zero-order diffracted
beam and £1st order diffracted beams. Three beams generated
on the region 1§A further branch into plural beams on the region
16B. In an optical pa't_h__ which leads from the light source 1
to the objective len’s_ 17, a grating pitch of the region 16B is
designed such that only the zeroeorder diffracted beam among
the diffracted beams generated on the region 16B is incident
on the aperture of the: objective lens 17. Further, the beam
70, which ls reflected and diffracter_l_ by the disk 4 to be incident
on the region 16B of rhe di.ffractiors..element 16, branches into
plural diffracted beams, and only the X1st order diffracted
beams of these beams are received by the photodetector 15.
Figure 4 shows the relationship between the disk and the

converged beam in the conventional magnetic recording apparatus.
As shown in figure 4, on the disk 4, guide grooves are formed
in the middle of the respective adjacent tracks (regions where
information is recorded or reproduced by the magnetic¢ head 14),

and a difference in reflectivity between the guide grooves and
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the other parts allows the trackn.ng error signal to be optically

detected. In figure 4 Tn—l, Tn, T' l...are tracks, and Gn-1,

Gn, Gn+l...are guide g ack pitch pt and the widLh
: 4mand 2 gm, respectively.
ic signal according to the
rooves are intermittently
formed also in the c1rcumferent1a1 dlrectlon. When the disk
4 rotates at 720rpm, the pitch pt' in the c1rcumferentiai
direction is set so that the frequency of the periodic signal
obtained by the guide groove crossing the beam 70 in the
circumferential direction becomes 20kHz.

In the beam 70, a beam 70A is a--_fzero—order diffracled beam
generated on the region 16A of the%diffraction element 16, and
beams 70B and 70C aretLlst ordérfaiffracted beams generatcd
on the region 16A of the diffracttgh element 16. Three beams
70A-70C are spaced at pt/4 interval%:to the guide groove on the
disc 4, respectively. o |

Figures 5(a) and S(b) shgw giatinq patterns of the

diffraction element in the conventional magnetic recording

apparatus, and fiqure 5(c) shows the relationship between the

photodetector and the beams in the conventional magnetic

recording apparatus.- As shown in figures 5(a) and 5(b), each
of the grating patterns formed on the regions 16A and 16B of
the diffraction element 16 is a pattern of a constant pitch.

The grating patterns on the region 16A and on the region 16B



rectangularly cross eiach other. ﬁs shown in figure 5(¢), =*

1st order diffracted: 5eams 71 and- 72 received by the |
photodetector 15 comp;ise three Béams 71A-71C and 72A-72C, |
reSpectively. The photodetector 15 has six photosensitive
parts 15A-15F, and thiﬁbeam 71a 1s received by the
photosensitive part 153, the beaq;7lB is received by the
photosensitive part 15A, the beaﬁ.71c is éeceived by the
photosensitive part 15C, the beam 72A is received by the
photosensitive part 15E, the beam 523 is received by thé
photosenéitive part 15D, and the beam 72C is received by'the.
photosensitive: part 15F.

As shown in.figUre 5(c), the light source 1 is arranged
on the photodetector 15 that is fabricated on an etched silicon
substrate. Further, a mirror 150 is formed on the silicon
substrate, and the beém 70 which is outputted from the light
source 1 is rcflected;at‘the mirroxr 150 to be outputted iﬁ the
z-axis direction perﬁendicular to. an X-Y plane.where the
photosensitive parts 15A-15F of the photodetector 15 are ?
formed. '

Figure 6 is a circuit block diagram of the signal
processing unit 61 in the conventional magnetic recotding
apparatus. As shown in figure 6, the photosensitive parts' 15a,

158 and 15C {or 15D, 15E and 15F) of the photodetector 15 are
connected to current-voltage converting units 355, 354 and 353

(hexeinafter, referred to as I-V converting units for short),



respectively. The‘reby, the elect‘f‘ical signals outputted from
the photosensitive parts 1sa, 15B and 15C (or 15D, 15E and 15F)
of the-photodetector 15 are converted into Voltage signals by

the I- V converting unlts 355, 354 _and 353, respectively. The

voltage signal v5 (or vs, v7) outpu '.ted from the I~V converting
units 355, 354 or 353 becomes a perJ.E .\dic s:l.gnal of 20kHz as shown
in figure 7(a), in a state where the disk 4 J.s rotating. At
this time, a maximum value of v5, v5'', is an output value ;‘.n
a state where there is no guide groove within the beam. A
‘minimum value of v5, v5', is an output value .in,a state where
the disk 4 rotates and thereby the beam rests on the guide groove.
When the beam centexr coincides with the center of the guide'
groove in the X direction, |v5''~v5'| takes the maximum value.

When the beam 70 is being displaced in proportion to time
t in a state where the disk 4 is rotating, v5.l(or ve, v7) is
as shown in figure 7(b). On the other hand, when the beam 70
has a displacement x from the center.of the guide groove (e.g.,
Gn) of the disk_ 4, an envelop_e__ curve v5' (or ve', v7'} of tl';e
minimum value of the 20kHz periodic signal has such a waveform
that the envelope curves are epproximately represented by
formulas (1)-(3), respectively.
formula (1)

v5'=Al-cos(2nx/plL)+Bl
formula (2)

ve'=A2+sin(2nx/pt)+B2



formula (3)
v7'=—A3-sin(2:£3)pt)+B3 ) _
In formulas (1)4(3), AL-A3 éfé amplitudes, and Bl-B3 are

DC components. Here, ‘a ratio of}'he'amplitude to the DC

component in each of §§j-v7', that is, A1/B1 (ox A2/B2, A3/B3)
is referred to as a mé'-éﬁla_tion fac-gpr MOD. As shown in figure
6, the I-V converting.units'353'and 354 a;e connected to a
differential arithmetic unit 374 through variable gain
amplifying units 476, 477 and envelope curve detecting units
356, 357, respectively. Thereby, the voltage signals v5 and
v6 outputted from the I-V converting units 353 and 354 arxe
adjusted in the variable gain amplifying units 476 and 477 such
that the maximum amplitudes (Al+Bl2shown in figure 6) of the
periodic signals beéoﬁe'equal to eéch other, and thenﬁdetected
as displacement signals v5' and VQ' in the envelope éurve
-detecting units 356 and 357, respectively. The displacement
signals v5' and vé' are subjected to differential calculation
in the differential avithmetic unit 374, and the result is
outputted as a voltage signal v8. Further, the voltage signals
v5 and v7 outputted from the I-V converting units 354 and 355
are adjusted in the variable gain amplifying units 478 and 479
such that the maximum amplitudes of the Synchfonpus signals
become equal to each other, and then detected as displacement

signals v5' and v7' in the envelope curve detecting units 358

and 359, respecfively. The displacement signals v5' and v7'



are subjected to diff_e__rential caléulation in the differential

arithmetic unit 375, and the result is outputted as a voltage

signal v9. _
The voltage si-én’éls v8 and v9 outputted from the

differential ari Lhmetig":': units 374:-"; id 375 have sine waves where

the respective phasesl'"'; differ from'each other by /2 as
represented by formulas (4) and -(5'), respe.ct'ively.
formula (4)

V§=A4‘sin(21cx/pt+1n/4)
formula (5)

v9=Ad-sin(2nx/pt-x /4)

In formulas (4) and (5), B4 is an amplitude. The
differential arithmetic ﬁnits 374 and 375 are connected to an
arithmetic unit 433 th_rough the variable gain amplifying units
474 and 475, res.pectivelly. Therebyl, the voltage signals v8 and

v9 ocutputted f£rom the -differential'a.rit-hmet'ic units 374 and 375

are adjusted to have desired amplitudes in the variable gain

amplifying units 474 and 475,‘respectively. and thereafter,
these voltage signals are added in the arithmetic unit 433 to
be outputted as a voltage signai v10. The voltage signal v10
has a waveform as represented by formula (6) and i.s outputted
from an output terminal 403 as the tracking error signal.
formula (6)-
v10=K3-a4-sin(2 x x/pt+n /4)+K4-Ad-sin(2 nx/pt-=n /4)

=K3'Ad'sin(2zx/pt+P1) +K3-Ad-sin(2 xx/pt+7n /2+P1)



In formuia (6),-?3 and K4 areféains of the variable gain
amplifying units 474-55& 475, resﬁectively, and @1 is —7:/4
The tracking exror s:.gnal vlo becomes a signal having arbltrary
phase and amplitude by su;tably selectlng the gains K3 and K4.

Next, a tracklng operatlon 1n the magnetic recording
apparatus $o constructed will be. descrlbed

As shown in figure 3, the emission beam 70 of the linear
polarized light outputted from the light source 1 is incident
on the region 16A of the diffraction element 16 and branches
into three beams, a zero-order diffracted beam and:tlst order
- diffracted beams. Three beams so generated on the region 1l6A
further branch into plural beams on the region 16B. However,
only zero-order diffracted beams_among the diffracted beams
generated on the region 16B are inCident on the aperture of the
objective lens 17. These three diffracted beams 70A-70C are
converged cn the disk 4 by the objective lens 17 (figure 5).
The beams 70A-70C, which are reflected and diffracted by the
disk 4, pass through the objective leﬁs 17 again, are incident
on the region 16B of the diffraction element 16, and branch iato

plural diffracted beams. Only *lst order diffracted beams
71A-71C and 72A—72C_cf the branched diffracted bcams are
received by the photosensitive parts 15A-15F of the
photodetector 15 (figure 5(c)). The photosensitive parts
15A-15F of the photodetector 15 oﬁtput electrical signals

according to the quantities of the respective light beams
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received, to the sigﬂal processindﬂunit 61 (figure 6). The
electrical signal is-prooessed by”fhe signal processinq unit
61, and outputted as é t_r'.'fxcking errof_:_signal to the drivimj unit
91. On receipt of thé_tracking erroi signa%, the driving unit
91 adjusts the relati\}_e"_posiuon' ofthe base 13, which includes
the optical’systém andtthe magnetiﬁihead 14, and the diSk 4.
Thereby, tracking is performed on the desited track.

However, in the conventional mégnetic recording
apparatus so constructed, since the signal separation
characteristics.of the photosensitive parts 15A—15F of the
photodetector 15 are hot necessarily securable enough ¢on the
structure, crosstalk of several percent has occurred between
the-output signals ftom the photosensitive parts 15Aa and;lSB
(or 15D and 15E), or the photosensitive-parts 15B and 15C (or
15E and 15F).  Further, with mipiaturization or the like of
dévices in these day's-, opportunities where device components
are closely arranged have incteased. Therefore, crosstalk
Eetween_the signals is inevitable to some extent, due to
ihfluences of interconnections in the signal processing unit
(flexible substrate, a pattern of PCB or the like). When the
crosstalk ratio between the output signals is ¢, the modulation
factor MOD of the aboﬁe-mentioned signal vs? (or v6', v7') is
a value represented by Formuls 1.

Formula 1

MOD={ {1+ ¢ cosa) -+ & cosar } / {1+ ¢ cosa) ++ € cosar }
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In Formula 1, a is a phase di{_fference of 20kHz frequency
waveforms between the output szgnals When the
circumferential d:u:ectlon pitch o guide grooves 6n the disk
is ét' and the beam interval is d,a"’ is represented by formula
(7). : |

formula (7)

a=2wxd/pt’

However, since the periodic signal is always constaﬁt_
{20kHz) regardless of the beam position on the disk, the
circumferential direction pitchpt' of guide grooves 01;1 thedisk
4 varies according to the positions of the guide grooves in the
radial direction on the disk. In the case of an 3.5-inch disk
that rotates at 720rplil,' the circumferential direction pitch pt*
successively varies so as to resu'l't in pt'=80,(._nﬁ on the most
internal circumferenc;é_ of the magnetic recording region and
pt'=160um on the most external c-;_jcumference. on the other
hand, since the beam interval d is always constant, the phase

difference ¢ of the periodic signal varies on the internal and

external circumferences of the disk in inverse proportion to
the circumference pitch pt' as represented by the formula (7).

Accordingly, as shown by Formula 1, since the modulation
factor MOD is represgnted by a function of the phase difference,

a, themodulation factoxr MOD varies on the internal and external

circumferences of the disk. Therefore, the phase difference

between the signals v8 and v9, which difference is inherently
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to be = /2, has errors to = /2, rgsglting in tracking errors.
The present invention is mé@é to solve the above-
described problems and has, for its object, to provide a

magnetic recording apparatus witﬁfreduced tracking errors.

Disc;osﬁre_of the In;;#tion
A magnetic recogding apparééhs.ac:oIAing to Claim 1 of
éhe present invention comprises: a disk-shaped information
recording medium on which periodic physical changes providing
changes of re flecti§ity are formed; a .Light source which 'outputs
a light beam; a diffraction element which receives the beam
outputted from the light source and generates three beams; a
iight—converging optical system which converges the beams
generxated by the diffraction clcﬁcnt on the information
recording medium as a microspot; a. ﬁhotodetection means having
three photosensitive parts which receive beams reflected and
diffracted by the information recording medium and again
transmitted in the aperture of the light-converging optical
system, and output signals in accordance with Lhe gquantities
of received light beams, respéctively; a signal processing
means which processes the signals outputted from the
photodetection means to output a tracking error signal; a
driving mcans which receives the tracking errbr signal
outputted from the signal processing means, and determines a

position of the beam on a desired track; a magnetic head which
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records information on the informetion recording medium, or
reproduces orldeletes-informatioﬁ;from the information

recording medium; whez‘:"e'"in the s:.gnal processing means includes
a cancel means whlch.cancels crosstalk that occurs between the

signals outputted from ‘three photoeens;tlve parts of the

photodetection means.it

According to thenpresent iﬁ;ention, erosstalk which
occurs 5etween photodetection signals can be canceled, an
~ influence of crosstalk between signals on tracking error is
reduced, and a high;precision trackiﬁg error signal cen be
detected.

Further, according to the.magnetic recording apparatus
of Claim 2, in the magnetic recoxrding apparatus of Claim 1, 'the
signal processing means cancels crosstalk which occurs between
signals by the cancel means, and detects a tracking error signal
with reddced error.

According to the present ih#ention, crosstalk which
occﬁrs hetween photodetection'signals can be canceled, -an
influence of crosstalk between signals on tracking error
detection is reduced, and a high-precision tracking ertor
signal can be detected.

Further, according to the magnetic recording apparatus
of Claim 3, in the magnetic recording-apparatus of Claim 1, the
cancel means cancels crosstalk from at least a 51gnal among the

three signals outputred from the photodetection means, to the
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-other signal.
According to the present invention, crosstalk which
occurs between photodgpection si@ﬁ'ls can be canceled, an

influence of crosstalk between signals on tracking error

detection is reduced,'_---_"':a_fnd a high ecision tracking error

signal can be detectééi

Further, accordihg to the maéhetic récording apparatus
of Claim 4, in the magﬁetic recording apparatué of Claim 1, 'the_
‘cancel means comprises: first and second voltage-dividing means
whicﬁ perform voltage ldivision on an output signal from a first
photosensitive part of the- photodetection means; a first
differential arithmetic means which performs differential
calculation on an output signal from a second photosensitive
part of the photodete;tion.means and an output signal from the
first voltage-dividing means; a second differential arithmetic
means which performs differ.en’cial éalcu] Ation an output signal
- from a third photosensitive part of the photodetection means
and an output §ignal from the second voltage-dividing means.:

According to the present invention, crosstalk which
occurs between photodetection signals can be canceled, an
influence of crosstalk between signals on tracking error
detection is reduced, and a high-precision tracking error
signal can be detected.

Further, according to the magnetic recording apparatus

of Claim 5, in the magnetic recording apparatus of Claim 4, the
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first and second voltage—dividinngzﬁ_é:ans have voltage-dividing
. ratios approximatély ééual to thééiatio at which the output
signal from the firstfﬁhotosensiﬁiye part c:osstalks to the
output signals from the ‘second and”.ﬁ'i-l;dird photosensitive parts.

According to tn:éf:f"'preser{t '1;_1____ ntion, crosstalk which
occurs between photodé#ection sig;:ls can be canceled, an
influence of crosstaik’between siéhals on tracking error
.detection is reduced, and a high-precision tracking error
signal can be detected.

Further, accordiné to the magnetic.recording apparatﬁs
of Claim 6, in the magnetic recording apparatus of Claim 4, the
first and second voltage-dividing means comprise resistors.

According to the present invention, crosstalk which
.occurs between photodetection sighals can be canceled, an
influence of crosstalk between signals on tracking error
detection is reduced, and a high-precisibn tracking error

signal can be detected.

Brief Descriétion of- the Drawings

Figure 1l is a diagram illustratiﬁg a structure of a signal
processing unit according to a first embodiment of the present
invention.

Figure 2 is a diagram illustrating a cancel circuit
according to the first embodiment of the present invention.

Figure 3 1s a diagram illustrating a structure of a
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conventional magnetic recording aﬁparatus.

Figure 4 is a diagram illu&;ating the relationship

between a conventional magnetic recording medium and a

condensed beam.

Figures 5(a) éﬁ&:(b) are di;érams illuslrating
conventional grating péjﬁterns of dlffractlon elements. Figure
S(c) is a diagram illﬂus‘trating th'e-relatit'mship between a
conventionai photodetector and beams.

Figure 6 is a diagram illustrating a structure of a signal
processi-ng unit of the cdnventional magnetic recording
apparatus.

Figure. 7 is a diagram illustrating a signal waveform in
the signal processing unit of the conventional magnetic
recording apparatus. -

Figure 8 is a diagranm illustréting a deformation example
of the cancel circuit aécording to the embodiment of the present.

invention.

Best Mode for Carrying out the Invention
(Embodiment 1)
Hereinafter, a first embodiment of the present invention
will be described with reference to figures 1, 2 and 8.
Figure 1 is a cireuit block diagram of a signal processing
unit 61 in a magnetic recording apparatus of this embodiment.

The same numerals are given to the same parts as those of the
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signal processing unit 61 in thélconventional magnetic
recording apparatus éhown in figﬁie 6, and an explanation
~ thereof is omitted.

Hereinafter, a &eScription 1 be given of a point that

the signal processing unlt 61 according to this embodiment

differs from the conventlonal sig _ processing“unit 6l. That
is, in the convent:\.onal example, aﬁ .output signal from the I-V
converting unit 353 (or 354, 355) is outputted through the

variable gain amplifying unit 476 (or 477~479) to an envelope
curve detecting unit 356 (or 357~359), as shown.in figure 6.
However, in this embodiment, an output signal from the I-V

converting unit 354 is subjécted to voltage divisi'o_n by voltage
dividing units 381 and 382, and the voitage-divided output

signals are subjected to differeﬁtial calculation with the

output signals from the I-V convéiting units 353 and 355 by
differential arithmetic units 37éﬁgnd 377, respectively, és
-shown in figure 1. .

Hereinafter, a description will be given of a reason why
the signal processing.unit 61 so constructed of this embodiment
éancancelcrosstalkbetweensignalsanddetectatrackingerror
signal with reduced error., Since the signal separationm
characteristics of the photosensitive parts 15A-15F of the
photodetector 15 are not necessarily securable enough on the

structure, crosstalk of several percent occurs between the

~output signals from the photosensitive parts 15A and 15B (or
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15D and 15E) or the photosensz_tlve parts 15B and 15C (or 15E

and 15F). The shorter the distance between the photosensitive

parts is, the more the amount of th1 crosstalk increases. For

~

example, when the output ‘signal f the photosensitive part
15B crosstalks to the o-x.i'_t"put signal f£rom the photosengitive part
15C (or 15A) at a ratlo ¢, the I converting signal v6 (or
v7) of the ph.otosensit.i'ire part 15C is represented by formula
(8).
formula (8)
vé6=v6,+ & V5

In formula (8), v6,is an ideal signal in which no crosstalk
occurs between the signals. Accordingly, the amount of
crosstalk which is increased as the distance between the
photosensit:.ve parts :.s shortened, can be minimized. It is
clear from formula (8) that crosstalk between signals is
canceled and an influence of crossta1_ k on the modulation factox
as represented by Formula 1 is prevented by eubj ecting th_e 1-v
converted signal v5 from the photosensitive part 15B to voltage
division into the ratio equal to the crosstalk ratio e and then
subjecting this voltage-divided output signal and the I-V
converted signal vé from the photoeensitive part 15C to
differential calculation,

In this way, according to this embodiment, an outptt

signal among three signals outputted from the photosensitive

parts of the photodetector is subjected to voltage division and
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the voltage-divided signal is subjected to differential

calculation with the_égher outputisignadls, whereby crosstalk

between the signals caﬁ-ﬁ_be canceled; and a tracking error signal

with reduced error caﬁ"?:’;"“be detect

Further, in the 'ssing unit 61 of this
embodiment, the outpuﬁ%éignal frq_mnhe I-V converting unit is
subjected to voltage division and.differeﬁtial calculation.
 However, wherever the voltage-dividing unit and the
'differentialarithmeticunitareusedbeforetheenvelopeCurve
detecting unit, crosstalk can be canceled.

Further, the.voltage-dividing unit and the differential
arithmetic unlt are not required to be independent circuits.
As shown in figure 2, in a typical differential arithmetic-
amplifier, the voltage d1v1d1ng unLt and the differential
arithmetic unit are eas-:.ly constructed by setting voltage gains
on an inverse input s;de and on a non inverse input side at
suitable values, respectlvely. That is, when resistance
values (R1-R4) of resistors 501-504 satisfy a condition of
formula (9), &¢v5 in formula (8) can be subtracted from v6.
formula (9)

R4/ (R3+R4)=¢ R2/ (R1+R2)

Further, in figure 2, a circuit structure where voltage
gains on the inversehinput side and on the non inverse input

side are determined only by the resistors is described. However,

the above-described structure can be implemented also when a
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resistof, a capacitor;'a coil orﬁﬁhe like is used singly or
" combined in series or parallel to make the circuit have

appropriate trequency characterlstlcs Further, crosstalk

between the 51gnals can be cancel{d with higher precision by
adjusting the voltage;galns_on th ,inverse input side and on
the non-inverse inpuéééide to theioptimum values, employing
variable resistors or the like. Mbreover,.the variable gain
amplifying unit 476 (or 479) and the differential arithmetic
.'unit 376 shown in figure 1 may be integrated using a digital
potentiometer 6r the like as R2 (a resistor 502) lq tigure é,-
to cancel crosstalk.

Further, as shown in.figure 8;_when the output signal from
the I-V converting unit 353 (or 354, 355) is amplified by an
inverse voltage amplifier composea of the differential
arithmetic ampllfler 378 (or 379, 380) and the resistors 505
and 506 (ox 507, 508, 509, 510), the output signal from the
differential arlthmetlc amplifier 379 is inputted through the
resistor 511 (or 512) to an inverse input terminal of the
differential arithmétic amplifier 378 (or 380), whereby
crosstalk can be easily canceled. That is, a voltage gain of
the inverse voltage amplifier can be obtained by dividing the
resistance value of the resistor 506 by the resistance value
of the resistor 511.' This voltage gain corresponds to the
voltége division ratio at the time when the I—.V converted signal

is subjected to voltage division by the voltage-dividing units
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381 and 382 shown in figure 1. Accordlngly, here, a typical

adder is constltutediby the differential arithmetic amplifier

378 (or 380) and re51stors 505 (or: TLB), 511 (or 512), and 506,

and the output signal from the dlfferentlal ar:.thmetlc unit 379

is inputled to the dlfferentlal aﬁwthmetlc amplifier 378,

whereby subtraction of-svS in formp}a (8) from v6 is achieved.

Further, even in the case.whére the r;sistors 505, 507,
509, 511 and 512, and a coﬁpling capacitor are connected in
series to remove DC components of the signal, crosstalk can be
canceled by selectlng an appropriate capac1tance value

7
Industrial Availability
" As described abbve, the magnetic recording apparatus

according to the preéeht inventiqn;detects a high-precision
tracking error signal,'with stabiiity, and it is suitaﬁle for
recording; reproducing or deleting information on/from a
magnetic recording medium such as a fixed magnetic disc or a

floppy disc.
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CLAIMS

1. A magnetic recqféing apparaéﬁ% comprising:

a disk-shaped inférmation.regordiﬁg medium on which
pe:iodicphysicalchaﬁéésprovidi@gﬁhangesofxmflectivityarc
formed; o |

a light source which outputs:a light Leam;

a diffraction element which receives the beam\oufputted
from the light source and generates three beams:

a light-convérging optical-syétem which converées the
beams generated by the diffraction element on the information
recording medium as a microspot;

a photodetection means having three photosensitive parts
which receive beams reflected and diffracted by the information
recording medium and again transm;tted in the aperture of the
light—convefging optical system,.énd which output signals in
accordance with the quantities of received light beams,
respectively:; |

a signal processing means which processes the signals
outputted from the photodetection means to output a tracking
error signal:

a driving means which receives the tracking error signal
outputted from the signal processing means, and-detérmines a
position of the beam on a deéired track; |

a magnetic head which records information on the
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information recording medium, or;réproduces or deletes
information from the ihformation fecording medium;

wherein the s1gnal proce551ng means includes a cancel
means which cancels: crosstalk that occurs between the signals
outputted- fromthree photosens:.tn.v_.o:{.parLs of the photodetection

means.

2, The magnetic recording apparatus of Claim 1 wherein
the signal processing means cancels crosstalk which occurs

between signals by the cancel means, and detects a tracking

error signal with reduced exror.

3. The magnetic recordlng apparatus of Clalm 1 wherein
the cancel means cancels crosstalk from at least one s:.gnal
among the three signals outputted fr_om the photodetection means

to the other signal.

4. The magnetic recording apparatus of Claim 1 wherein

the cancel means comprises:

first and second voltage-dividing means which perform
voltage division on an output signal froma first photosensitive
part of the photodetection means;

a first differential arithmetic means which performs
differential calculation on an output signal from & second

photosensitive part of the-photodetection.means and an output
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signal from the first‘Voltage+di§i§ing means;

a second differential arithﬁggic means which performs
differential calculatioh on an.oﬁgéut signal from 4 third.
photosensitive part offihe photodé%ﬁction.means and an output

signal from the secohd]ﬁoltage-d

5. The magnetic recbiding apparéius of Ciaim 4_wheréin
the first and second voltage;dividing means have
voltage-dividing ratios approximately equal to the ratio at
which the output sigﬁal from the tirst.ﬁhotosensitive paft

crosstalks to the output signa;s from the second and third

photosensitive parts.

6. The magnetic recording apparétus of Claim 4 wherein
the first and second voltage=dividing means compzise

resistors.
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ABSTRACT .
There is provid‘é_d'a magnetic"-.ffecording apparatus which,
even when crosstalk occurs betweéfff signals form three

photosensitive parts"é_'f a photodei_téetdr', can detect a high-

‘precision traéking error sigﬁal ith stability.

In a signal procéééing unit '6__:1-;-.‘_which processes electrical
s:‘.gn‘ais outputted froin photosensifgi..lve part .of a photodetector
15 to detect a tracking error signal, an outpuf signal from an
I-V converting unit 354 is subjécted to voltage division by
voltage-divi&ing units 381 and 382, ahd_fhe voltage-divided
outpﬁt signals and output signals from I~V cdnverting units 353

and 355 are subjected to differential calculation by

differential arithmetic units 376 and 377, respectively.
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Fig.3
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